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IgG-degrading enzyme of S. 
INTRODUCTION
Despite advances in the prevention and treatment of infectious disease, pathogenic bacteria remain the pre-eminent threats to public and animals health worldwide (Waldvogel, 2004) . Increasing antibiotic resistance strains and emerging and re-emerging infectious agents cause alarming new concerns (Byarugaba, 2004; Hogan and Kolter, 2002; Morens et al., 2004) . Accordingly, the field of bacterial pathogenesis has rapidly expanded with a greater understanding of pathogenesis at the molecular level over the last decades. The ability of bacteria to cause disease is described in terms of the number of infecting bacteria, the route of entry into the body, the effects of host defense mechanisms, and intrinsic characteristics of the bacteria called virulence factors. The virulence of a pathogen refers to the severity of the clinical illness that results from infection. These proteins are coded for by genes in chromosomal DNA, bacteriophage DNA or plasmids (Keen, 2012) . However, virulence factors (VFs) apply to the elements (i.e. gene products) that enable a microorganism to colonize a host niche where the organism proliferates and causes tissue damage or systemic inflammation. Conventional VFs include secreted proteins, such as protein toxins and enzymes, and cell-surface structures, capsular polysaccharides, lipopolysaccharides and outer membrane proteins, which directly contribute to the disease processes. Now, it becomes clear that many genes encoding virulence traits, such as secretion machineries, siderophores, catalases, regulators, etc. are indirectly involved in pathogenesis, which is equally important for bacteria to establish infection (Chen et al., 2005) .
One essential prokaryotic cell function is the transport of proteins from the cytoplasm into other compartments of the cell, the environment, and/or other bacteria or eukaryotic cells a process known as protein secretion. Prokaryotes have developed numerous ways of transporting protein cargo between locations, which largely involve the assistance of dedicated protein secretion systems. Protein secretion systems are essential for the growth of bacteria and are used in an array of processes. Some secretion systems are found in almost all bacteria and secrete a wide variety of substrates, while others have been identified in only a small number of bacterial species or are dedicated to secreting only one or a few proteins (Green and Mecsas, 2016) .
Virulence genes of pathogenic bacteria, which code for toxins, adhesins, invasins or other virulence factors, may be located on transmissible genetic elements such as transposons, plasmids or It composed of a polymer of hyaluronic acid containing repeating units of glucuronic acid and Nacetylglucosamine. Thus, the capsule not only prevents phagocytosis by the usual route of discouraging C3b binding but makes the bacteria look like 'self' to the immune system. Binds to CD44 to induce marked cytoskeletal rearrangements manifested by membrane ruffling and disruption of intercellular junctions, thus promotes tissue penetration by GAS through a para cellular route. Transduction of the signal involved Rac1 and the cytoskeleton linker protein ezrin, as well as tyrosine phosphorylation of cellular proteins (Bisnoet al., 2003) .
Figure. 1. Diagram showing the location of virulence-associated products of Str. pyogenes.
Source: (Thayer et al., 2008) .
M protein:
The streptococcal M protein is now probably one of the best-defined molecules among the Gram-positive bacterial virulence determinants. Its structure, function, immunochemistry, and method of antigenic variation are unique among known virulence molecules, and may serve as a model for certain microbial systems (Fischetti, 1989) . M protein and are highly virulent in experimental animals (Lancefield, 1940; Wessels et al., 1991) . M proteins is Surface protein that linked LPXTG motif and used for classification of S. pyogenes strains into M serotypes because of Nterminal hypervariable region that exhibits extensive sequence variability between strains. It is binds to complement control factors (Factor H, factor H-like protein (FHL-1), C4b-binding protein (C4BP)) and host proteins (fibrinogen) to prevent activation of the alternate complement pathway and impede phagocytosis. It seems to be important in adherence to Hep-2 cells in tissue culture and mediates adherence to skin keratinocytes via the attachment of the C repeat region to keratinocyte membrane cofactor CD46. Involve in the internalization process (zipper like mechanims). M proteins have been suggested to play a role in the generation of an inflammatory response by binding of fibrinogen, kininogen, or plasminogen (Carlssonet al., 2003; Herwald et al., 2004) .
M protein has been considered to be the major surface component responsible for resistance of GAS to phagocytosis (Lancefield, 1962) . The ability of Str. pyogenes to resist phagocytosis by polymorpho nuclear leucocytes is to a high degree due to the cell surface-exposed M protein. The M protein is anchored in the cytoplasmic membrane, spans the entire cell wall, and protrudes from the cell surface as fibrils. Acquired resistance to infection by Str. pyogenes is the result of antibodies in secretions and sera to the M protein molecule (Kilian, 2002) .
Some strains produce two different M proteins with anti-phagocytic activity and some, in addition, a structurally related M-like protein. All these proteins can bind various serum proteins of the host, including fibrinogen, plasminogen, albumin, IgG, IgA, the proteinase inhibitor α2-macroglobulin, and some regulatory factors from the complement system (factor H and C4bbinding protein). As well as masking the bacterial surface with host proteins some of these affinities are probably responsible for the ability of M proteins to resist phagocytosis. It is cytotoxic for neutrophils. Streptococcal M protein mimic those of mammalian muscle and connective tissue. More than 50 types of S. pyogenes M proteins have been identified on the basis of antigenic specificity.The M proteins of lower M-types (e.g., 1, 3, 5, 6, 14, 18, 19, and 24) are considered rheumatogenic since they contain antigenic epitopes related to heart muscle, and may lead to autoimmune rheumatic carditis (rheumatic fever) following an acute pharyngeal infection.Acute glomerulonephritis can follow streptococcal infection of the pharynx (pharyngitis-associated Acute glomerulonephritis e.g., 1, 4, 12, 25) or or the skin (pyoderma-associated AGN-mainly higher M types e.g., 2, 49, 55, 57, 59, 60, 61 ) is caused by nephritogenic strains thus, factor H is capable of destabilizing the important opsonin C3b when deposited on the bacterial surface. Likewise, the C4b-binding protein inhibits surface complement deposition by stimulating degradation of both C4b and C3b (https://microbeonline.com/virulencefactors-streptococcus-pyogenes-roles/).
SIC (streptococcal inhibitor of complement-mediated lysis):
A hypervariable extracellular protein, with the amount of polymorphism far exceeding that present in any bacterial protein except those directly associated with antibiotic resistance. This variation may arise from pressure from the immune system that makes it expedient for the bacteria to change their surface antigens. Used to binds to the membrane insertion site on complement C5b67 and inhibits lysis of the bacteria, enhances survival of bacteria to avoid the intracellular environment by interfering with the ability of eukaryotic plasma membrane protein ezrin and possibly moesin, to bind actin and inhibits components of the mucosal innate response: lysozyme, secretory leucocyte proteinase inhibitor, human α-defensin 1 and the cathelicidin LL-37, thus inhibits the variable antibacterial action against GAS (Frick et al., 2003; Hoe et al., 2002) .
Lipoproteinase: This enzyme is also called opacity factor, as it induces opalescence in growth media containingserum. The exact biological significance is not known but there is a strong correlation between the production of this enzyme and particular M types, and it is produced mainly by strains causing skin infections (Kilian, 2000) .
Exoenzyme
Deoxyribonucleases (DNAases): At least four distinct forms of DNAases, designated A, B, C and D, are produced by Str. pyogenes. DNAase B is the most common form. The enzymes hydrolyse nucleic acids and may play a role as spreading factors by liquefying viscous exudates (Kilian, 2000) . DNase B has been shown to be the same molecule as the streptococcal mitogenic factor (MF). It does not contribute significantly to the superantigenic activity of S. pyogenes when compared with other Species. Digesting DNA released from dead cells the enzyme reduces the viscosity of pus and allows the organism greater motility (Bisnoet al., 2003) .
Hyaluronidase (hylP; hylP; hylP): Hyaluronidase is widely assumed to facilitate the spread of the bacteria through tissues by breaking down hyaluronic acid, an important component of connective tissue. However, very few isolates of S. pyogenes are capable of secreting active hyaluronidase due to mutations in the gene that encode the enzyme. Moreover, the few isolates capable of secreting hyaluronidase do not appear to need it to spread through tissues or to cause skin lesions. Thus, the true role of hyaluronidase in pathogenesis, if any, remains unknown (Starr and Engleberg, 2006) .It has been determined that the GAS HA capsule is structurally identical to mammalian hyaluronic acid, which is a known substrate for streptococcal hyaluronidase (Starr and Engleberg, 2006) . Since hyaluronidases are enzymes that catalyze the breakdown of hyaluronic acid in the body, they may increase the permeability of tissue to fluids. Hyaluronidase in snake and insect venom is thought to function as a -spreading factor‖ by degrading host hyaluronic acid, thus allowing spread of toxin (Kreil, 1995) .
GAS are capable of producing two types of hyaluronidase, a bacteriophage associated enzyme and an extracellular hyaluronidase that is secreted from the cell. Since the capsule of GAS is composed solely of hyaluronic acid, the hyaluronidase presumably benefits the phage by aiding in capsule penetration during its infection of or release from streptococci. It used to degradation of hyaluronic acid present in the ground substance of connective tissue to aid the streptococci in their spread. By cleaves the 1,4-glycosidic linkage between N-acetyl-b-D-glucosamine and D-glucuronic acid residues in hyaluronan and catalyzes the release of unsaturated polysaccharides, with the disaccharide unit 2-acetamido-2-deoxy-3-O-(β-D-gluco-4-enepyranosyluronic acid)-D-glucose being the main end product (Baker et al., 2002; Mylvaganam et al., 2000) .
IdeS (IgG-degrading enzyme of S. pyogenes):
It protects the bacteria from opsonizing IgG antibodies also binds to and block CD11b and can also block the activity of FcγIII (CD16), which is one of the receptors that recognize IgG. Blocking CR3 not only blocks phagocytosis mediated by C3b, but also reduce antibody-mediated phagocytosis. It cleaves the heavy chain of IgG at glycine residue 237 , generating two stable Fab fragments and one Fc fragment (Lei et al., 2003) .
SpeB (streptococcal pyrogenic exotoxin B):
It is integrin-binding cysteine protease secreted in a zymogen form (40-kDa, 371 residues) and auto catalytically cleaved N terminal 118 residues to generate the mature proteinase. It used to facillitates bacterial dissemination and survival, as well as induces inflammation during S. pyogenes infections. It cleaves human proteins like fibrin, fibronectin and vitronectin, and matrix proteoglycans that involved in maintaining host tissue integrity. Thencleave human immunoglobins probably interfering with their opsonizing capacity then cleaves human IL-1β precursor to form bioactive IL-1β.It used also for processes monocytic cell urokinase receptor, and releases active kinins from kininogen. The Interactions between SpeB and M protein are important for correct folding and maturation of the cysteine proteinase. The M protein is not only involved in the folding of SpeB, but is also a substrate for SpeB. The enzyme cleaves and releases fragments of M protein which have retained their affinity for different human plasma proteins. It activates host matrix metalloproteinase may contribute to the extensive soft tissue destruction (von Pawel-Rammingen and Björck, 2003) .
Immune Evasion
C5a peptidase: The C5a peptidase, which is found also in human pathogenic strains of Str. agalactiae, is presented on the surface of all strains of Str. pyogenes. It specifically cleaves, and thereby inactivates, human C5a, one of the principal chemoattractants of phagocytic cells (Kilian, 2002) . It is surface protein that linked LPTTN motif that used to increases dissemination of GAS. Specifically degrading the chemotactic complement factor C5a, generated by proteolytical cleavage of C5 during complement activation, thus, prevent neutrophil migration to the site of infection by reducing the concentration of C5a, which guides the neutrphils to their target Cunningham, 2000) .
Plasminogen Activator
Streptokinase: Streptokinase, also known as fibrinolysin, is another spreading factor. It is expressed by all strains of Str. pyogenes and co-operates with a surface expressed plasminogen-binding site on the bacteria. Once host plasminogen is bound to the bacterial surface, it is activated to plasmin by streptokinase. Thus, in contrast to Staph. aureus, which aims at hiding behind a wall of coagulated plasma (fibrin), Str. pyogenes employs host plasmin to hinder build-up of fibrin barriers. As a result, soft tissue infections due to Str. pyogenes are more diffuse, and often rapidly spreading, in contrast to the well localized abscesses that typify staphylococcal infections (Kilian, 2000) . Enzymatically activates plasminogen, a proteolytic enzyme, into plasmin, which in turn digests fibrin and other proteins (https://en.wikipedia.org/wiki/Streptococcus_pyogenes).
Streptokinase and staphylokinase share little sequence homology but their cystal structures have similar fold: β-grasp. They are used to promotes bacterial invasion of tissues. Like staphylokinase, streptokinase is not enzyme itself but form 1:1 complexes with plasminogen and plasmin, leading the changes in conformation and specificity of plasmin (ogen). Plasminogen, or plasmin can be recruited to the streptococcal cell surface by the M-like protein (PAM), the glyceraldehyde-3-phosphate dehydrogenase, α-enolase. Streptokinase catalyses the plasminogen to plasmin. Plasmin is a broad spectrum serine protease that degrades fibrin and non-collagenous proteins of extracellular matrices and activates latent procollagenases (Lähteenmäki et al., 2001; Svensson et al., 2002) .
Toxin
Streptolysins: Str. pyogenes produces two distinct haemolysins, termed streptolysins O (oxygenlabile) and S (serum-soluble), both of which lyse erythrocytes, polymorphonuclear leucocytes and platelets by forming pores in their cell membrane. Streptolysin O belongs to a family of haemolysins found in many pathogenic bacteria. Streptolysin O may play a role in the pathogenesis of poststreptococcal rheumatic fever. Streptolysin S is responsible for the α-haemolysis around colonies on blood agar plates. It can also induce the release of lysosomal contents with subsequent cell death after engulfment by phagocytes. In contrast to streptolysin O it is not immunogenic (Greenwood et al., 2012) .
Streptolysin O (SLO) is a pore-forming, cholesterol-dependent, oxygen-labile, thiol-activated cytotoxin. Similar types of hemolysins are produced by a variety of other pathogens, and the structure of SLO is similar to these other cholesterol-dependent cytolysins, but there are also some differences. One difference is in the binding of the cytolysins to cholesterol-rich membranes, where there is a structural difference in the membrane-binding interface between SLO and perfringolysin O (Ferretti et al., 2001) . The SLO hemolysin is 69 kDa in size, which is subject to N-terminal cleavage by the cysteine proteinase (Pinkney et al., 1995) . The hemolysin is produced with a 70-residue N-terminal region that is required for the translocation of another streptococcal product, the NAD-glycohydrolase (nga) into host cells (Pinkney et al., 1995) ; with slo and nga being co-transcribed (Madden et al., 2001) .
Streptolysin O pore formation occurs in stages, including cholesterol-dependent binding of monomeric forms to the cell membrane, followed by oligomerization, which results in the development of pores . In addition to cholesterol, the membrane-binding domain of SLO also implicates a glycan (galactose) receptor involvement in binding and pore formation (Mozola and Caparon, 2015; Shewell et al., 2014) . These pores result in disruption of the integrity of host cell membranes and induce apoptosis (Timmeret al., 2009 ). An alternate pathway utilized by S. pyogenes adhering to cells does not involve the galactose receptor, but an unknown receptor that associates with the streptococcal NAD-glycohydrolase (NADase, Nga, or SPN); this results in translocation of the NADase and orients the SLO, which allows for pore formation (Mozola and Caparon, 2015) . Streptolysin O has also been shown to induce intracellular Ca 2+ oscillations that result from the depletion of intracellular stores and activation of store-operated Ca 2+ in host cells, the mechanisms of which remain unknown (Usmani et al., 2012) .
SLS (Streptolysin S):
It isOxygen stable, most potent cytotoxin, Not immunogenic and unstable polypeptide bounds to carrier molecules, such as serum albumin, RNA core, or lipoteichoic acid, responsible for the β-hemolysis surrounding colonies of GAS grown on blood agar plates and SagA serves as SLS toxin precursor and eight additional genes in an operon is required for toxin maturation and export. pro-SLS is converted into an active cytolysin by the actions of SagBCD, a trimeric oxazole/thiazolesynthetase.It is SLS lyses a wide variety of eukaryotic cells, including myocardial cells, kidney cells, platelets, lymphocytes, and neutrophils (Mitchell, 2003) .
Spes(streptococcal pyrogenic exotoxins)(Erythrogenic Toxins):
Most strains of Str. Pyogenes produce one or more toxins that are called pyrogenic exotoxins because of their ability to induce fever.
From the large number of extracellular products of group A streptococci, only the erythrogenic toxins (pyrogenic exotoxins) and the hemolysins (cytolysins) appear to have toxic properties. Three, SPE A, SPE B and SPE C, have been extensively characterized,but there are several others. Purified SPE A causes death when injected into rabbits, and is the most toxic of the three, but SPE B also causes myocardial necrosis and death in experimental animals. The genes for SPE A and SPE C are transmitted between strains by bacteriophage.. Unlike SPE A and SPE C, all strains of Str. pyogenesproduce SPE B, which is a potent cysteine proteinasecapable of cleaving many host proteins (Kilian, 2000) . Two prototypical streptococcal superantigens, SPE A and SPE C are both encoded on functional phage. Crystal structure analyses have shown that superantigens have several conserved features, including an N-terminal β-barrel domain and a C-terminal zinc-binding motif , these zinc molecules are thought to mediate binding to class II molecules (Proftet al., 2003) . (Tripp et al., 2003) .
Figure.2. T cell activation by a conventional peptide antigen/by superantigenic toxin
Superantigen:A family of molecules that share the ability to activate large populations of T lymphocytes through co-ligation between major histocompatibility complex (MHC) class II molecules on antigen-presenting cells and the variable portion of the T-cell antigen receptor β chain; the patten of Vβ activation is specific for each of these superantigens. The best characterised are staphylococcal enterotoxins and the streptococcal pyrogenic exotoxins. It is used to associate with streptococcal toxic shock syndrome and streptococcal scarlet fever. May play a role in autoimmune responses in streptococcal sequelae (Llewelyn and Cohen, 2002) .
Streptococcal chemokine protease:
The affected tissue of patients with severe cases of necrotizing fasciitis are devoid of neutrophils (Kreil, 1995) . The serine protease ScpC, which is released by S. pyogenes, is responsible for preventing the migration of neutrophils to the spreading infection. ScpC degrades the chemokine IL-8, which would otherwise attract neutrophils to the site of infection (Hidalgo-Grass et al., 2006; Ji et al., 1996) .
Major virulence factors in Str. pneumoniae

Adherence
CbpA/PspC(choline-binding protein)Also known as PspC, SpsA, Hic (factor H-binding inhibitor of complement) or surface protein: choline-binding protein). It mediate adherence to sialic acid and lacto-N-neotetraose ligands present on cytokine-activated epithelial cells. It specifically binds the secretory component of human secretory immunoglobulin A, human factor H, and complement component C3. It is also involved in immune-cell recruitment and chemotaxis by stimulating the production of IL-8 from pulmonary epithelial cells. Also interacts with the human polymeric immunoglobulin receptor (pIgR), pIgR domain D3 and D4 together are necessary and sufficient for the ligand-binding activity. The poly-immunglobulin receptor (pIgR) of mucosal epithelial cells mediates the transport of pIgA across polarized epithelial cells, resulting in release of secretory component (SC), either free or bound covalently to IgA. A hexapeptide motif of CbpA has been shown to interact in a human specific manner with the SC/pIgR (Lang and Palmer, 2003) .
CBPs (Choline binding proteins):
It is surface protein: choline-binding. It used to CbpD, CbpE, CbpG, LytB and LytC play a role in adhesion and colonization of the nasopharynx (Lang and Palmer, 2003) . Pneumococcus is known to require choline-binding protein A (CbpA) to adhere to the BBB in vitro (Ring et al., 1998) and to cause meningitis in vivo (Orihuela et al., 2003) . Using CbpA as bait, we identified 37/67-kDa LR as a ligand from an rBCEC 6 lysate by affinity chromatography with matrixassisted laser desorption/ionization time-of-flight (MALDI-TOF) analysis. There is finding was confirmed by reactivity of the band with anti-LR antibody in immunoblot experiments (data not shown) and by coimmunoprecipitation of endothelial LR with rCbpA (Orihuela et al., 2009 ).
PavA (pneumococcal adherence and virulence factor A): Pneumococcal adherence and virulence factor A (PavA) is displayed to the cell outer surface of Streptococcus pneumoniae and mediates pneumococcal binding to immobilized fibronectin. PavA, which lacks a typical gram-positive signal sequence and cell surface anchorage motif, is essential for pneumococcal virulence in a mouse infection model of septicemia. In this report the impact of PavA on pneumococcal adhesion to and invasion of eukaryotic cells and on experimental pneumococcal meningitis was investigated.The pneumococcal cell surface protein PavA is a virulence factor associated with adherence and invasion in vitro.It acts directly as a fibronectin adhesion and affects pneumococcal colonization by modulating expression or function of important virulence determinants of S. pneumoniae (Kadiogluet al., 2010; Pracht et al., 2005) .
PavB (Pneumococcal adhesion and virulence factor B):
Pneumococcaladherence and virulence factor B (PavB) and pneumococcal surface protein C (PspC) are key players for the interaction of Streptococcus pneumoniae with matricellular hTSP-1. PavB and PspC are pneumococcal surfaceexposed adhesins and virulence factors exhibiting repetitive sequences in their core structure. Heterologously expressed fragments of PavB and PspC containing repetitive structures exhibit hTSP-1 binding activity as shown by ELISA and surface plasmon resonance studies. Binding of hTSP-1 is charge-dependent and inhibited by heparin. Importantly, the deficiency in PavB and PspC reduces the recruitment of soluble hTSP-1 by pneumococci and decreases hTSP-1-mediated pneumococcal adherence to human epithelial cells. Platelet activation assays suggested that PavB and PspC are not involved in the activation of purified human platelets by pneumococci. In conclusion, this study indicates a pivotal role of PavB and PspC for pneumococcal recruitment of soluble hTSP-1 to the bacterial surface and binding of pneumococci to host cell-bound hTSP-1 during adhesion.A surfaceexposed adhesin, which contributes to pneumococcal colonization and infections of the respiratory airways (Binskeret al., 2015) .
PfbA (Plasmin and fibronectin-binding protein A):
PfbA is a surface adhesin and invasin of Streptococcus pneumoniae that binds to human fibronectin and plasminogen of the host extracellular matrix. It is a virulence factor for its pathogenesis. The crystal structure of recombinant PfbA150-607 from S. pneumoniae strain R6, was determined using multiwavelength anomalous dispersion (MAD) method and refined to 1.90Å resolution. The structure of rPfbA150-607 revealed that residues Thr150 to Lys570 form a rigid parallel beta helix, followed by a short disordered region (571-607) that consists of beta hairpins. The structural organization of the beta helix resembles that of polysaccharide-modifying enzymes.It is a surface adhesin and invasin that binds to human fibronectin and plasminogen of the host extracellular matrix (Beulinet al., 2014) . PI-1:Numerous pili or fimbriae are essential virulence factors and protective antigens in Gramnegative bacteria, where they are involved in adhesion of the bacteria to eukaryotic cells (Merz and So, 2000) . In Gram-positive bacteria, pili have been described in Corynbacteriumdiphtheriae, where they are formed by covalent polymerization of pilin subunits catalyzed by particular sortase enzymes (Ton-That and Schneewind, 2003) . Pilus-like structures have also been detected in some other Gram-positive bacteria(Ton-That and Schneewind, 2004); however, very little is known about their function, and they have not been described in any of the most important species of Streptococcus that are pathogenic to humans: GBS, Group A Streptococcus, and Streptococcus pneumoniae (Lauer et al., 2005) .
Pili are a classical example of cell surface proteins in Gram-positive bacteria. These filamentous protein structures are often involved in adhering to and invading host tissue sites during infection. Pili are typically composed of a major subunit, called pilin, and one or more minor subunits, which are usually assembled sequentially using specialized sortases. Pathogens that are known to utilize pili during infection include Streptococcus pneumoniae, Streptococcus pyogenes, and S. aureus (Hendrickxet al., 2011; Telford et al., 2006) . Pili are encoded by the rlrA pathogenicity islet, which carries genes forthree pilin proteins (the major pilin RrgB and two minor pilins, RrgA and RrgC, RrgA is the tip adhesin) as well as three sortases. Play important roles in host tissue colonization and pathogenesis by enhancing adherence to host cells, recognizing the extracellular matrix, and manipulate the host inflammatory response (Orrskoget al., 2013; Pointon et al., 2010) .
PI-2:
The type PI-2 streptococcal pilus presents in a number of invasive pneumococcal serotypes and consists of repeated units of a single protein, PitB, whose covalent association is catalyzed by cognate sortase SrtG-1 and partner protein SipA. Used to mediates host cell adhesion (Shaik et al., 2015) .
Antiphagocytosis
Capsule: Ninety different capsule types have been identified andeach has a structurally distinct capsule, composed of repeating oligosaccharide units joined by glycosidic linkages. Resistant to complement deposition and masks cell wall-associated complement from being recognized by the complement receptors on phagocytes (Kadiogluet al., 2002) .
Complement Resistance
PspA (pneumococcal surface protein A): It is surface protein and choline binding protein. It inhibits complement activation and reduces the effectiveness of complement receptor-mediated clearance mechanisms by preventing the deposition of C3b on the cell surface. Binds to lactoferrin, the iron starage glycoprotein predominantly located in mucosal secretions, may be involved in iron acquisition (Ren et al., 2004) .
Exoenzyme
Hyaluronatelyase: -Streptococcus pneumoniae hyaluronatelyase is a surface enzyme of this Grampositive bacterium. The enzyme degrades hyaluronan and chondroitin/chondroitin sulfates by cleaving the beta1, 4-glycosidic linkage between the glycan units of these polymeric substrates. This degradation helps spreading of this bacterial organism throughout the host tissues and facilitates the disease process caused by pneumococci. The mechanism of this degradative process is based on betaelimination, is termed proton acceptance and donation, and involves selected residues of a welldefined catalytic site of the enzyme. The degradation of hyaluronan alone is thought to proceed through a processive mode of action. The structures of complexes between the enzyme and chondroitin as well as chondroitin sulfate disaccharides allowed for the first detailed insights into these interactions and the mechanism of action on chondroitins. This degradation of chondroitin/chondroitin sulfates is nonprocessive and is selective for the chondroitin sulfates only with certain sulfation patterns. Chondroitin sulfation at the 4-position on the nonreducing site of the linkage to be cleaved or 2-sulfation prevent degradation due to steric clashes with the enzyme. Facilitates tissue invasion by breaking down the extracellular matrix (ECM) components (Rigden and Jedrzejas, 2003) .
IgA1 Protease
IgA, the major class of Ig in secretions, classically functions by interfering with microbial attachment to host tissues. Many mucosal pathogens, including Streptococcus pneumoniae, express an IgA1 protease that may circumvent the protective effects of this Ig subclass. Because these proteases are specific for human IgA1, we generated human mAbs to the major surface antigen of the pneumococcus, its capsular polysaccharide, and tested their effect in a colonization model of bacterial adherence to respiratory epithelial cells in culture. Rather than inhibiting adherence, type-specific IgA1 markedly enhanced bacterial attachment to host cells, but only when cleaved by IgA1 protease. Neither antibodies of protease-insensitive subclasses (IgA2 and IgG) nor those directed against heterologous capsules had such activity. The adherence-promoting properties of cleaved antibodies correlated with the cationic characteristics of their variable segments, suggesting that bound Fab fragments may neutralize the inhibitory effect of negatively charged capsules on adhesive interaction with host cells. Coating of pneumococci with anticapsular polysaccharide antibody unmasked the bacterial phosphorylcholine ligand, allowing for increased adherence mediated by binding to the platelet activating factor receptor on epithelial cells. In addition, our findings provide evidence for a novel function of bacterial IgA1 proteases. These enzymes may enable pathogens to subvert the antigen specificity of the humoral immune response to facilitate adhesive interactions and persistence on the mucosal surface (Weiser et al., 2003) .
The ZmpC zinc metalloproteinase of Streptococcus pneumoniae, annotated in the type 4 genome as SP0071, was found to cleave human matrix metalloproteinase 9 (MMP-9). The previously described IgA protease activity was confirmed to be specifically linked to the IgA1-protease/SP1154 zinc metalloproteinase. MMP-9 is a protease cleaving extracellular matrix gelatin and collagen and is activated by proteolytic cleavage like most proteases. MMP-9 is a human protease and is involved in a variety of physiological and pathological matrix degrading processes, including tissue invasion of metastases and opening of the blood-brain barrier. While TIGR4 (serotype 4) and G54 (serotype 19) pneumococcal genome strains have a highly conserved copy of zmpC, the genome of R6 (a derivative of serotype 2 D39 strain) lacks zmpC. Both the analysis for zmpC presence and MMP-9 cleavage activity in various pneumococcal strains showed correlation of ZmpC with MMP-9 cleavage activity. When assaying clinical isolates of S. pneumoniae, the zmpC gene was not found in any of the nasal and conjunctival swab isolates, but it was present in 1 out of 13 meningitis isolates and in 6 out of 11 pneumonia isolates. In a murine pneumonia model, infection with a zmpC-mutant reduced mortality at 3-4 days post-infection by 75%, when compared with infection with wild-type strains. These data indicate that the ZmpC pneumococcal protease may play a role in pneumococcal virulence and pathogenicity in the lung (Oggioni et al., 2003) .
Manganese uptake
PsaA (pneumococcal surface antigen A): Surface protein: lipid-attached. AdcABC is another ABC transporter for Zn 2+ uptake. Key function is the transport of Mn 2+ and Zn 2+ into the cytoplasm of the bacteria. psaA mutants show marked impact on the capacity to colonize and increased susceptibility to oxidative damage (McAllister et al., 2004) .
Protease
Autolysin: It is surface protein and choline-binding proteins anchored to the cell surface by a noncovalent interaction of a repeat region at the C-terminal with the phosphorylcholine of the cell wall. Attachment of the enzyme to the choline of the S. pneumoniae cell wall teichoic acid is essential for the lytic activity of the enzyme. N-acetylmuramoyl-L-alanine amidase: degrading the peptidoglycan backbone of the bacteria, leading to the release of the component of cell wall shown to be highly inflammatory and the release of cytoplasmic bacterial proteins including bacterial virulence factors such as pneumolysin (De Las Rivas et al., 2002) .
Neuraminidase:It cause significant damage to host cell glycans, change the glycosylation patterns of the host and probably exposes more of the host cell surface, which may reveal surface receptors for possible interaction with the bacteria, contributing to increased adhesion. Cleaves terminal sialic acid from cell surface glycans such as mucin, glycolypids, and glycoproteins. Acts on three sialyl-linkage classes of substrate: α 2-3 and α2-6 to galactose, and α2-6 to N-acetyl galactosamine (Jedrzejas, 2001 ).
Toxin
Pneumolysin: It shares amino acid homology with similar hemolysins such as SLO, LLO, but pneumolysin is a cytoplasmic protein rather than a secreted protein. Multi-function enzyme includes: forming pore in the host cell membranes, inflammatory and proapoptotic effects, stimulating the production of inflammatory mediators such as TNF-α, IL-1β, nitric oxide, IL-8, and prostaglandins and leukotrienes, inhibiting nonspecific defences like inducing ciliary stasis, evasion of immune system likeantiphagocytosis and interferes with the complement pathway. A cytoplasmic cholesteroldependent cytolysin that is released due to the action of surface pneumococcal autolysin, the mode of action is based on binding to the host cell cytoplasmic membrane cholesterol, inserting into the targeted membranes and forming large oligomeric arc and ring structures, knowns as pores, disrupt and damage the cell membrane allowing the contents of the cell to spill out. May bind to Toll-like receptor 4 (TLR4) to induce inflammatory events (Cockeranet al., 2002a (Cockeranet al., , 2002b Malley et al., 2003; Stringaris et al., 2002) .
Hydrogen peroxide (H2O2):
The pneumococcus also produces copious amounts of hydrogen peroxide (H2O2) through the action of the enzyme pyruvate oxidase, reaching low millimolar concentrations in bacteriological culture medium. H2O2 is an indiscrimate, cell-permeable oxidant, which is toxic for both eukaryotic and prokaryotic cells. Importantly, H2O2 is cytotoxic for ciliated respiratory epithelium, causing ciliary slowing and epithelial damage, favouring adhesion to, and invasion of, epithelial cells by the pneumococcus (Feldman et al., 2002) . Although potentially suicidal for the pneumococcus, which does not produce catalase, H2O2 also appears to induce biofilm formation, which is likely to favour persistence of the microbial pathogen in the respiratory tract (Hall-Stoodley and Stoodley, 2009 ). Antagonism of the mucociliary escalator by H2O2, acting in concert with the protein virulence factors pneumolysin and hyaluronidase as described below,6,7 facilitates the attachment of the pneumococcus to airway epithelium via the binding of a third nonprotein virulence factor, phosphorylcholine on the pneumococcus, to the platelet-activating factor (PAF) receptor on the epithelium (Kadioglu et al., 2008; Preston and Dockrell, 2008) .
Biofilm
The role of biofilm in microbial colonisation/persistence is important, as this is a common strategy utilised by the pneumococcus to evade host defences. Biofilm is a hydrated, self-generated polymer matrix in which microbial pathogens are effectively insulated against the cellular and humoral defence mechanisms of the host. Biofilm also restricts the penetration of antibiotics, favouring antibiotic resistance. Importantly in the pneumococcus, by the mechanisms described below, adhere to and invade airway epithelium. Biofilm-encased aggregates, in which both pathogens may coexist, either attached to the epithelial surface, or sequestered intracellularly, providing a potential mechanism for bacterial persistence(Hall-Stoodley and Stoodley, 2009). Concealed in biofilm, in which they communicate by quorum sensing mechanisms, these microbial pathogens can re-emerge at times when host defences are transiently or irreversibly compromised, as may occur during infection with influenza virus/respiratory syncitial virus or HIV-1, respectively (Anderson and Feldman, 2011) .
Figure. 3. S. pneumoniae virulence factors
Source: (van der Poll and Opal, 2009).
Table 1. Key non-protein and protein virulence factors of the pneumococcus
Source : (Anderson and Feldman, 2011) 
Major virulence factors in S. agalactiae
Str. agalactiaeproduces several virulence factors, including haemolysins, capsule polysaccharide, C5a peptidase (only human pathogenic strains), hyaluronidase (not all strains), and various surface proteins that bind human IgA and serve as adhesins. Nine different types of the capsular polysaccharide have been identified (Ia, Ib, and II-VIII). The serotype most frequently associated with neonatal infections is type III, whereas infections in adults are more evenly distributed over the different serotypes. Among the haemolysins produced by Str. agalactiae, one, known as the CAMP factor (so-called because it was originally described by Christie, Atkins and Munch-Petersen), plays an important role in the recognition of this species in the laboratory (Kilian, 2000) .
Adherence
FbsA: Streptococcal surface protein, contains long tandem repeating elements, the number of repeats vary significantly between different strains, C-terminal domains LPXTGX, associated with attachment to the cell wall.It used to fibrinogen-binding protein, the fibrinogen-binding region is located in the repeat region of FbsA (Johnson, 2018b; Pietrocola et al., 2006; Rosenau et al., 2007) .
FbsB(Fg-binding surface protein B): N-terminal region of FbsB have been shown to bind to human Fibrinogen, while the C-terminal region of FbsB has been speculated to bind to bovine FibrinogenLmb (Devi and Ponnuraj, 2010; Gutekunst et al., 2004; Rosenau et al., 2007) .
Lmb (Laminin-binding protein):
Lmb is an extracellular protein thatwas first identified in S. agalactiae. Homologs of this protein were reported in S. pyogenes and S. pneumonia and termed Lbp and AdcAII, respectively. It is 34 kDa lipoprotein mediates the attachment to human laminin, a major component of the basement membrane, which may be essential for the bacterial colonization. Also important for the invasion of human brain endothelial cells (Ragunathanet al., 2013; Spellerberg et al., 1999) .
PI-1 (pilus island 1):
The genes encoding pili are located within 2 distinct loci, denoted pilus islands 1 and 2 (PI-1 and PI-2), the latter having 2 allelic variants (PI-2a and PI-2b).Each pilus island (PI) comprises 3 genes that encode structural proteins with a characteristic LPXTG anchoring motif recognised by sortasetranspeptidases: It has backbone (Bkb) subunit (forming the polymeric shaft of the pilus), ancillary subunit 1 (An1, the functional tip), and ancillary subunit 2 (An2, the C-terminal anchor following attachment to peptidoglycan in the cell wall by sortase A). Mediating cell attachment, promoting the invasion of human endothelial cells and may facilitate paracellular translocation across the epithelial barrier (Brittan and Nobbs, 2015; Rosini et al., 2006; Sharma et al., 2013; Vengadesan et al., 2011) .
PI-2a (pilus island 2a):
Mediating cell attachment, promoting the invasion of human endothelial cells and may facilitate paracellular translocation across the epithelial barrier. Promoting biofilm formation (Maiseyet al., 2007; Rosini et al., 2006) .
Antiphagocytosis
β-C protein:It binds the Fc portion of serum IgA and the complement inhibitor factor H, may therefore play a role in preventing opsonophagocytosis (Lang and Palmer, 2003) .Capsule: Inhibits the binding of the activated complement factor C3b to the surface of S. agalactiae, preventing the activation of the alternative complement pathway and inhibits complement-mediated opsonophagocytosis (Lang and Palmer, 2003) .
Exoenzyme
Hyaluronatelyase: It facilitates spread of bacteria by breaking down the hyalurone polymers present in the extracellular matrices of the host. The GBS hyaluronatelyase also has limited specificity for achondroitin sulphate and cleaves the chain at unsulphated sites. This action may facilitate deep tissue penetration during infection (Lin et al., 1994) .
Immune evasion
C5a peptidase: All group A streptococcal serotypes and group B, C, and G streptococci of human origin produce the C5a peptidase. The enzyme is highly conserved. Cleaves C5a, the major neutrophil chemoattractant produced by activation of the complement cascade, causing an impaired recruitment to sites of infection. Functions as an invasion and Fibronectin binding proteins (Bohnsacket al., 1991; Cleary et al., 1991) .
Invasion α-C protein:
Interacts with host cell glycosaminoglycan (GAG) and mediates bacterial internalization by a mechanism that involves Rho GTPase-dependent actin rearrangements (Bolduc et al., 2002) .
Toxin
β-haemolysin/cytolysin: Lyses not only red blood cells but a broad range of eukaryotic cell types. Surface associated protein that can be extracted from the cells by non-ionic detergent, starch or albumin. Forms pores in cell membrane. Proinflammatory effects and it inducing apoptosis, promoting cellular invasion, triggering iNOS and cytokine release (Doran et al., 2002; Nizet, 2002) .CAMP factor:Forms pores in cell membrane by oligomerization. Binds to the Fc fragments of human IgG and IgM (Lang and Palmer, 2003) .
SECRETION SYSTEM
Bacterial pathogens utilize a multitude of methods to invade mammalian hosts, damage tissue sites, and thwart the immune system from responding. One essential component of these strategies for many bacterial pathogens is the secretion of proteins across phospholipid membranes. Secreted proteins can play many roles in promoting bacterial virulence, from enhancing attachment to eukaryotic cells, to scavenging resources in an environmental niche, to directly intoxicating target cells and disrupting their functions. Many pathogens use dedicated protein secretion systems to secrete virulence factors from the cytosol of the bacteria into host cells or the host environment. In general, bacterial protein secretion apparatuses can be divided into different classes, based on their structures, functions, and specificity. Some systems are conserved in all classes of bacteria and secrete a broad array of substrates, while others are only found in a small number of bacterial species and/or are specific to only one or a few proteins (Green and Mecsas, 2016) .
A growing number of pathogens are being found to possess specialized secretion systems which they use in various ways to subvert host defenses. Type IV secretion system (T4SS) is one of versatile secretion systems essential for the virulence and even survival of some bacteria species, and they enable the secretion of protein and DNA substrates across the cell envelope. T4SS was once believed to be present only in Gram-negative bacteria. There is evidence of a new subclass of T4SS, Type-IVC secretion system and indicate its common existence in the Gram-positive bacterial genus Streptococcus (Cascales and Christie, 2003; Fronzes et al., 2009; Waksman and Fronzes, 2010) .
Sec system (SecY2A2) in Streptococcus pneumoniae
Like Gram-negative organisms, Gram-positive bacteria employ both the Tat and Sec pathways to transport proteins across the cytoplasmic membrane. However, in many cases, this transport is not sufficient to deliver proteins to their final destinations. A number of Streptococci and Staphylococci express a second Sec secretion system called a Sec or SecA2-SecY2. Accessory Sec systems dedicated to exporting a subset of proteins. In pathogens, the accessory Sec systems are linked to virulence. SecA2 might function in a similar manner to the canonical SecA by delivering precursor proteins to a translocase and energizing export across the membrane. These systems not only contain SecA2, but also have other proteins that serve to transport SecA2 substrates, including SecY2 and at least three accessory Sec transport proteins. a Sec systems typically transport large, highly glycosylated cell-wall anchor proteins with serine-rich repeats(SRR) (Mistou et al., 2009; Siboo et al., 2008) . SRR (serine-rich repeats) glycosylated proteins function as adhesins in a number of Streptococcus and Staphylococcus species, and can contribute to virulence in these pathogens. In contrast to bacteria that only express SecA1, bacteria expressing aSec are thought to transport substrates through a channel called SecY2. SecY2 lacks the cytoplasmic loops in SecY that normally interact with SecA1, and therefore SecA1 bound substrates are unlikely to interact with SecY2 transporters (Bensing et al., 2014) . In addition, there are three accessory proteins in this system, whose roles are not yet understood, although they are essential for secretion of these glycoproteins (Seepersaudet al., 2010) . All of these proteins localize to the membrane and cytosol and may help deliver the SecA2-substrate complex to SecY2, open the pore, assist in transport of the substrate, and participate in complete glycosylation of these substrates (Green and Mecsas, 2016) . Models for SecA2-dependent export. In the various accessory Sec systems, a SecA2-exported protein (shown in blue) might be exported either through a novel translocon or the canonical SecA1/SecYEGtranslocon with the assistance of SecA2. The example of a novel translocon is modelled on the SecA2/SecY2 system of S. gordonii, which is a candidate for this type of pathway .
Injectosomes
One secretion apparatus which is proposed to be functionally analogous to the T4SSs and T3SSs of Gram-negative bacteria. This model of protein secretion has been observed in the Gram-positive pathogen Streptococcus pyogenes, which injects at least one virulence factor, NAD glycohydrolase (SPN), into the cytoplasm of keratinocytes by this mechanism (Ghosh and Caparon, 2006; Mazmanian et al., 1999) . In order to create the pore required for SPN translocation, another protein, SLO, is first secreted via the Sec pathway. SLO is a member of a class of toxins called cholesterol-dependent cytolysins (CDCs), which bind cholesterol on the surface of eukaryotic cells and insert into their membranes, creating pores (Tweten, 2005) . Following pore formation by SLO, SPN is translocated across the plasma membrane by Sec, and into the eukaryotic cell through the pore (Madden et al., 2001) . Once it reaches the cytosol of host cells, SPN cleaves the glycosidic bond of β-NAD + to produce nicotinamide and ADP-ribose, a potent second messenger thereby disrupting normal cell functions. For this reason, SPN serves as a major virulence factor for Streptococcus pyogenes, particularly during severe infections with this bacterium (Ghosh et al., 2010) . Interestingly, there is some evidence that SPN translocation is not simply the result of diffusion of effectors through the pore (Madden et al., 2001) . Rather, some have speculated that a protected channel is formed between the bacterium and the translocation apparatus, similar to the T3SS. However, much more work still needs to be done to determine whether this model is accurate (Magassaet al., 2010) .
Type-IVC Secretion System
Type IV secretion system (T4SS) is one of versatile secretion systems essential for the virulence and even survival of some bacteria species, and they enable the secretion of protein and DNA substrates across the cell envelope (Cascales and Christie, 2003; Engel et al., 2011; Fronzes et al., 2009) . T4SS was once believed to be present only in Gram-negative bacteria but has been found in Gram-positive organisms as well. Some research work support that in Gram-positive species of Streptococcus suis (S. suis), a GI-type T4SS-like system was identified in a new pathogenicity island (PAI) with a length of 89 kb (Chen et al., 2007) , which was further proven to be a new subgroup of T4SS in this study. S. suis, a Gram-positive species of Streptococcus found in pigs, has recently caused a rash of human infections in China and gained public attention (Feng et al., 2010; Tang et al., 2006; Ye et al., 2006) .
A new subgroup of T4SS (GI-type T4SS) was identified in Gram-positive strain S. suis (Chen et al., 2007; Li et al., 2011) . Genetic organization represented that this GI-type T4SS in Gram-positive strain S. suis is clearly different with type-IVA, type-IVB and other T4SS in Gram-negative bacteria, thus it is classified as Type-IVC secretion system in this study. Different with other T4SS systems, only 4 proteins (VirB1, VirB4, VirB6, and VirD4) were identified in Type-IVC secretion systems, which mainly work in three fields: (1) transglycosylases (VirB1), working for degrading peptidoglycan outside the plasma membrane of bacteria, could reduce the resistance for the secretion of substrates; (2) ATPases (VirB4, and VirD4) play essential roles in supplying the energy for substrates translocation and apparatus assembly (Waksman and Fronzes, 2010) . (3) a gene contributing to the assembly of the secretion channel across inner cell membrane(VirB6). These genes clustered together with the same direction in the chromosome. Those genes correspondent to channel subunit across outer membrane, such as VirB7/VirB9/VirB10 in type-IVA and DotD/DotC/DotH/DotG/DotF in type-IVB, were lost in type-IVC secretion system (Zhang et al., 2012) .
Function of Type-IVC Secretion System in Pathogenicity of Streptococcus
The Type-IVC secretion system could enhance bacterial pathogenicity and mediate the injection of virulent proteins into host cells. The previous study showed that the two component system SalK/R within the 89-kb island controls the virulence of the highly pathogenic strain S. suis 2 . Recently, using NimbleGen tiling arrays, Zhu and colleagues found this 89-kb fragment in 9 other virulent S. suis 2 lineages, all of which were sampled from two recent large-scale outbreaks of human infection in China (Wu et al., 2011) . The 89-kb GI which include Tn916 with tetracycline-resistance genes of the S. suis 2 strain was proved could laterally transfer to other S. suis 2 strains with the help of Type-IVC secretion system . Knockout of the 2 key components (VirD4 and VirB4) of the S. suis 2 T4SS system eliminated the lethality of the highly virulent strain and impaired its ability to trigger host immune response in experimental infection of mice . All of this evidence together suggests that Type-IVC secretion system contributes to the pathogenicity of S. suis 2, particularly in the two outbreaks of S. suis 2 infections in China (Zhang et al., 2012) .
In S. pneumoniae TIGR4 (serotype 4), secY2 (transmembrane protein) and secA2 (ATPase) genes are foundwithin a 37-kb pathogenicity island encoding cell-surface pneumococcal serine-rich repeat protein (PsrP, 4776 aa residues). An additional 10 genes encode glycosylation enzymes, and five asp genes encode transport complex proteins (Obertet al., 2006; Tettelin et al., 2001) . A similar locus is found in several but not all sequenced pneumococcal genomes. By analogy to genomic loci in Streptococcus gordonii and Streptococcus parasanguinis encoding serine-rich repeat (SRR) proteins GspB (Yen et al., 2013) , Hsa and Fap1 (Zhou et al., 2010) , PsrP in S. pneumoniae is predicted to become post-translationally glycosylated concomitantly with secretion via the alternate SecY2A2/Asp1-5 translocon (Shi et al., 2014) . The streptococcal accessory Sec systems function to secrete SRR glycoproteins. However, the mechanism by which SRR proteins are directed to the accessory Sec system is not fully understood (Bandaraet al., 2017) .
PATHOGENICITY ISLANDS OF STREPTOCOCCUS SPP.
Pathogenicity islands (PAIs) term was coined by Hacker et al. to describe two large unstable regions on the chromosome of uropathogenicEscherichia coli (UPEC) (Hacker et al., 1990) . PAIs encode various virulence. PAIs are considered to be a subclass of genomic islands that are acquired by horizontal gene transfer via transduction, conjugation and transformation, and provide ‗quantum leaps' in microbial evolution (Gal-Mor and Finlay, 2006) . It recently characterized in a wide range of bacterial pathogens have not only led to the identification of many virulence factors used by these species, but also changed our way of thinking about the evolution of bacterial pathogenicity (Gal-Mor and Finlay, 2006) . Bacterial virulence and protein secretion systems determinants are predominantly encoded by or associated with mobile genetic elements such as phages, plasmids, insertion elements, or transposons, and a large number of such determinants are located within PAI (Schmidt and Hensel, 2004) .
In contrast to S. aureus, PAI appear less relevant to the evolution of virulence in streptococci. The genome sequence of S. pyogenes revealed that a large number of virulence factors have been acquired by bacteriophage-mediated horizontal gene transfer but that PAI are absent from the genome (Ferretti et al., 2001) . In contrast, a chromosomal region reminiscent of a PAI has been identified in S. pneumoniae. This locus was termed pneumococcal pathogenicity island 1 (PPI-1). PPI-1 is about 27 kb long, is absent in other streptococci and contains transposase and recombinase genes that may be related to the mobility of the locus. A virulence factor identified in PPI-1 is an iron uptake system encoded by pit2ABCD. There is also the related pit1 operon outside of the PAI, but full virulence of pneumococci in pulmonary and systemic animal models requires the function of both the Pit1 and Pit2 iron uptake systems (Brown et al., 2001) .
Virulence factors of pathogenic bacteria (adhesins, toxins, invasins, protein secretion systems, iron uptake systems, and others) may be encoded by particular regions of the prokaryotic genome termed pathogenicity islands. The finding that the GC content of pathogenicity islands often differs from that of the rest of the genome, the presence of direct repeats at their ends, the association of pathogenicity islands with transfer RNA genes, the presence of integrase determinants and other mobility loci, and their genetic instability argue for the generation of pathogenicity islands by horizontal gene transfer, a process that is well known to contribute to microbial evolution (Hacker and Kaper, 2000) . (Hacker et al., 1997; Hacker and Kaper, 2000) .
The thin bold line represents regions of the core genome; pathogenicity island-specific sequences are indicated. The box represent genes. The arrows indicate the presence of direct repeats at the ends of the pathogenicity island. Abbreviations: DR, direct repeats; int, integrase gene; vir, virulenceassociated gene; mob, mobility gene; 1mob, pseudo-mobility gene. mobgenes encode integrases, transposases, or other proteins involved in mobility of the prokaryotic genome.
Virulence-Associated Genes on Pathogenicity Islands
Virulence factors encoded on PAIs represent the entire spectrum of bacterial virulence factors, from adhesins ,toxins, secretion systems, invasins, modulins, effectors, proteases, lipases, and enterotoxins, superantigens, iron uptake systems, immunoglobulin A proteases, capsule synthesis, host defense avoidance mechanisms (Hacker and Kaper, 2000) . PAIs located in the genomes of various species and pathotypes encode adhesins, which mediate the capacity of microbes to attach to specific eukaryotic receptor molecules. PAIs of different UPEC isolates show the presence of additional genes with significant homologies to adhesin gene clusters such as the heat resistant hemagglutinin of enterotoxigenicE. coli, and a saliva-binding protein of Streptococcus sanguis .
Some of the best characterized PAIs provide the host bacterium with the ability to invade epithelial cells and/or modulate host cell activities. Many bacterial pathogens harbor plasmids or bacteriophages which encode important toxins. Various enterotoxins of S. aureus and Streptococcus pyogenes with superantigen specificity are located on phages. Because so many bacterial toxin genes are located on plasmids and bacteriophages, it is not surprising that PAIs also often carry toxin-encoding genes. The prototypes of pore-forming PAI-encoded toxins are hemolysins of UPEC termed HlyA (Dobrindt and Hacker, 1999) .
Superantigens have the capacity to bind to the T-cell receptor molecule and in turn activate these cells in a nonspecific manner. Many of these toxins are produced by S. pyogenes and S. aureus, in which the corresponding genes are often located on bacteriophages or plasmids. The toxic shock syndrome toxin (TSST)-1 toxin of S. aureus, however, is part of a 15-kb PAI (SaPI) which represents a defective bacteriophage. The SaPI can be mobilized by helper phages and transferred to other strains. Similar PAIs have been found in different S. aureus isolates, indicating that the occurrence of SaPIs is a general phenomenon in S. aureus (Lindsay et al., 1998) .
Iron uptake systems are encoded by pathogenic as well as nonpathogenic members of the same species; however, they are more prevalent in pathogenic strains. This supports the hypothesis that iron uptake systems, as part of genomic islands in nonpathogenic strains, may contribute to the fitness of these organisms as well as their adaptability to particular environments, whereas in pathogenic bacteria these systems contribute to virulence. Accordingly, in nonpathogenic strains such DNA fragments are considered fitness islands while in pathogenic strains they represent PAIs. Survival and multiplication of microbes in certain ecological niches depend on the ability of these organisms to scavenge essential nutrients such as iron. For pathogenic bacteria the acquisition of iron is a prerequisite for the infectious process, but nonpathogenic organisms also need sufficient iron ions . At least two different strategies are used by bacteria to meet their iron needs: the expression of receptors for iron carriers (e.g. heme, hemoglobin, lactoferrin, and transferrin) and the synthesis and secretion of siderophores, which are low-molecular-weight, high affinity iron-binding compounds (Mietzner and Morse, 1994) .
Immunoglobulin A Proteaseshave the capacity to cleave IgA1 molecules. Pathogenic organisms, such as Haemophilus influenzae, N. gonorrhoeae, Neisseria meningitidis, and Streptococcus pneumoniae, synthesize IgA proteases, while commensal strains of these species do not show this activity. The corresponding genes, however, have not formally been described as PAIs. A similar observation was made for the locus encoding the exopolysaccharide PAI of a biofilm positive subgroup of S. epidermidis. The corresponding genes, termed ica, are also located on a particular DNA segment of >100 kb which is absent in biofilm negative strains (Henderson et al., 1998; Hersh et al., 1999) . 
Collection of PAI loci of Streptococcus Species
CONCLUSION
Streptococci is the general term for a diverse collection of Gram-positive cocci that typically grow as chains or pairs. The genus Streptococcus includes important pathogens and commensals of mucosal membranes of the upper respiratory tract and, for some species, the intestines. The genus Streptococcus includes nearly 40 species. With few exceptions, the individual species are exclusively associated, either as pathogens or commensals, with man or a particular animal.Virulence factors of streptococci species include such as M protein,lipoteichoic acid for attachment, a hyaluronic acid capsule that inhibits phagocytosis;pyrogenic (erythrogenic) toxin, which causes the rash of scarlet fever, capsule, pili, streptokinase, DNase B, and streptolysins.Secreted proteins can play many roles in promoting bacterial virulence, from enhancing attachment to eukaryotic cells, to scavenging resources in an environmental niche, to directly intoxicating target cells and disrupting their functions.Virulence factors encoded on pathogenic islands represent the entire spectrum of bacterial virulence factors, from adhesins ,toxins, secretion systems, invasins, modulins, effectors, proteases, lipases, and enterotoxins, superantigens, iron uptake systems, immunoglobulin A proteases, capsule synthesis, host defense avoidance mechanisms.
